We examine the determinants and implications of holdings of cash and marketable securities by publicly traded U.S. "rms in the 1971}1994 period. In time-series and crosssection tests, we "nd evidence supportive of a static tradeo! model of cash holdings. In particular, "rms with strong growth opportunities and riskier cash #ows hold relatively high ratios of cash to total non-cash assets. Firms that have the greatest access to the capital markets, such as large "rms and those with high credit ratings, tend to hold lower ratios of cash to total non-cash assets. At the same time, however, we "nd evidence that "rms that do well tend to accumulate more cash than predicted by the static tradeo! model where managers maximize shareholder wealth. There is little evidence that excess cash has a large short-run impact on capital expenditures, acquisition spending, and payouts to shareholders. The main reason that "rms experience large changes in excess cash is the occurrence of operating losses.
Introduction
On February 8, 1996 Chrysler Corporation's Chairman Robert J. Eaton and investor Kirk Kerkorian agreed to a 5-year standstill agreement, in which Kerkorian would cease attempts to take over Chrysler. An important element of the agreement was a commitment from Chrysler that liquid assets, de"ned as cash and marketable securities, in excess of a $7.5 billion target be returned to shareholders in the form of share repurchases or dividends.
The Chrysler/Kerkorian story raises questions that have gone largely unexamined in the "nance literature. Is there an optimal level of liquid asset holdings on a corporate balance sheet? And, if so, is the relatively large amount of liquid assets held by "rms like Chrysler justi"ed? This question is particularly relevant. The S&P 500 corporations reported a total of $716 billion in cash and marketable securities on their balance sheets as of "scal year 1994. The largest non-"nancial holders of liquid assets were Ford ($13.8 billion), General Motors ($10.7 billion), and IBM ($10.5 billion).
Management that maximizes shareholder wealth should set the "rm's cash holdings at a level such that the marginal bene"t of cash holdings equals the marginal cost of those holdings. The cost of holding liquid assets includes the lower rate of return of these assets because of a liquidity premium and, possibly, tax disadvantages. There are two main bene"ts from holding liquid assets. First, the "rm saves transaction costs to raise funds and does not have to liquidate assets to make payments. Second, the "rm can use the liquid assets to "nance its activities and investments if other sources of funding are not available or are excessively costly. Keynes (1934) describes the "rst bene"t as the transaction cost motive for holding cash, and the second one as the precautionary motive. The costs considered in the literature have evolved from brokerage costs, in the classic paper by Miller and Orr (1966) , to ine$cient investment resulting from insu$cient liquidity, emphasized in theoretical models such as Jensen and Meckling (1976) , Myers (1977) , and Myers and Majluf (1984) , as well as in empirical papers that build on Fazzari et al. (1988) .
Theories that focus on the tradeo! between the costs and bene"ts of cash holdings can make it possible to answer the question of whether a "rm holds too much cash from the perspective of shareholder wealth maximization. In general, however, managers and shareholders view the costs and bene"ts of liquid asset holdings di!erently. Agency theory can therefore explain why "rms do not hold the amount of cash that maximizes shareholder wealth, and help to identify "rms that are likely to hold too much cash. Managers have a greater preference for cash, because it reduces "rm risk and increases their discretion. This greater preference for cash can lead managers to place too much importance on the precautionary motive for holding cash. One would therefore expect "rms where agency costs of managerial discretion are more important to hold more liquid assets than would be required to maximize shareholder wealth.
An alternative view to the tradeo! model of cash holdings is that there is no optimal amount of cash. With this view, cash holdings are an irrelevant sideshow. The argument is that nothing changes in a corporation if it has one more dollar of cash "nanced with one more dollar of debt. Hence, even if one believes that there is an optimal capital structure for a corporation, this optimal capital structure speci"es an optimal amount of net debt, which is debt minus cash. As a result, there is no optimal amount of cash, because cash is simply negative debt. The same reasoning holds with the pecking order or "nancing hierarchy model. According to the pecking order model, a "rm's leverage, de"ned using net debt, reacts passively to changes in the "rm's internal funds. As a "rm accumulates internal funds, its leverage falls. The "rm avoids issuing equity because adverse selection costs make equity too expensive. As the "rm maintains a surplus of internal funds, it accumulates cash and pays back debt when it becomes due. Faced with a de"cit of internal funds, the "rm decreases cash holdings and eventually raises debt. With this view, changes in internal resources are the driving force for changes in cash holdings, but it is a matter of indi!erence whether a "rm uses the internal resources to accumulate cash or repay debt. A "rm that is not constrained in its investment policy simply uses cash #ow to increase cash, unless it has debt to repay. Myers and Majluf (1984) provide a theoretical foundation for the peckingorder model that makes it consistent with shareholder wealth maximization. A challenge that arises with extending the "nancing hierarchy model to explain cash holdings is that the conditions under which this extension is consistent with shareholder wealth maximization are rather restrictive. As long as there is any cost to holding cash, a "rm that simply accumulates cash will at some point have an excessive amount of cash, and shareholders would be better o! if the "rm used that cash to pay additional dividends or to repurchase shares. If management is reluctant to use cash in this way, for the reasons discussed in Jensen's (1986) free cash #ow theory, empirical evidence will support the "nancing hierarchy view, even though there is an amount of cash that maximizes shareholder wealth.
This paper proceeds in three steps. We "rst examine simple dynamic models of changes in cash holdings to assess the success of the static trade-o! and "nancing hierarchy views in explaining changes in cash holdings. Though Shyam-Sunder and Myers (1998) demonstrate that the "nancing hierarchy view is extremely successful at explaining changes in leverage, we "nd here that the static tradeo! theory of cash holdings cannot be dismissed as irrelevant, and that the theory makes important predictions that "nd support in the empirical evidence. In our second step, we show that the predictions of the static tradeo! theory for the determinants of cash holdings are empirically relevant. At the same time, some "rms hold dramatically more cash than predicted by the static tradeo! theory. In our third step, we investigate these "rms in detail to understand how these large cash holdings come about, and what these excessive holdings imply about the future behavior of these "rms. Jensen's free cash #ow theory predicts that these "rms will increase their investments, rather than return the cash to the shareholders. We "nd that "rms with large amounts of excess cash acquired it through the accumulation of internal funds. Surprisingly, spending on new projects and acquisitions is only slightly higher for "rms with excess cash. Firms typically lose excess cash by covering losses, rather than by spending on new projects or making acquisitions. There is little evidence, therefore, that excess cash &burns a hole in management's pockets'. Further work will be required to "nd out whether shareholders are made better o! by management's hoarding of cash.
Our results build on an extensive, but generally older, literature on corporate liquidity. Chudson (1945) , for example, "nds that cash-to-assets ratios tend to vary systematically by industry, and tend to be higher among pro"table companies. Vogel and Maddala (1967) "nd that cash balances have been declining over time, and that larger "rms tend to have lower cash-to-assets and cash-tosales ratios. This "nding suggests that there are economies of scale in the transaction motive for cash. Baskin (1987) argues that "rms may use cash holdings for competitive purposes. He concludes that &[t]he empirical evidence is entirely consistent with the model wherein liquid assets are employed both to signal commitment to retaliate against encroachment and to enable "rms to rapidly preempt new opportunities' (Baskin, 1987, p. 319) . A paper by John (1993) argues that "rms wish to hold greater amounts of cash when they are subject to higher "nancial distress costs. Using a 1980 sample of 223 large "rms, John "nds that "rms with high market-to-book ratios and low tangible asset ratios tend to hold more cash. This observation is consistent with the "nancial distress theory if one agrees that a high market-to-book ratio is a proxy for "nancial distress costs. Finally, in a contemporaneous paper, Harford (1998) explores the relation between a "rm's acquisition policy and its liquid asset holdings. He "nds that cash rich "rms are more likely to make acquisitions, that these acquisitions are more likely to be diversifying acquisitions, and that they are more likely to decrease shareholder wealth. He views his evidence as strongly supportive of free cash #ow theory.
The next section of this paper describes our empirical hypotheses. We present our data in Section 3. In Section 4, we report estimates from time-series and cross-sectional regressions. In Section 5, we investigate whether the investment and payout policies of "rms with given investment opportunities are related to A number of early studies considered the question of whether there are economies of scale in holding cash, including Frazer (1964) and Meltzer (1963) . Beltz and Frank (1996) provide evidence on these economies of scale that extends to the 1980s. Mulligan (1997) shows that cash balances fall with respect to sales, and that "rms located in U.S. counties with higher wages hold more cash. He views his evidence to support the hypothesis that time can substitute for money in the provision of transaction services and to support the presence of economies of scale in cash holdings. their liquid asset holdings in the short run. Section 6 examines how likely "rms are to keep excess cash over a number of years, and examines the characteristics of "rms that experience large changes in excess cash. Section 7 summarizes the "ndings, and suggests future directions for empirical research in this area.
Theory and empirical hypotheses
In a world of perfect capital markets, holdings of liquid assets are irrelevant. If cash #ow turns out to be unexpectedly low, such that a "rm has to raise funds to keep operating and to invest, it can do so at zero cost. Since there is no liquidity premium in such a world, holdings of liquid assets have no opportunity cost. Hence, if a "rm borrows money and invests it in liquid assets, shareholder wealth is unchanged.
However, if it is costly for the "rm to be short of liquid assets, the "rm equates the marginal cost of holding liquid assets to the marginal bene"t of holding those assets. Holding an additional dollar of liquid assets reduces the probability of being short of liquid assets, and decreases the cost of being short of cash, under the reasonable assumption that the marginal bene"t of liquid assets declines as holdings of liquid assets increase. We de"ne a "rm to be short of liquid assets if it has to cut back investment, cut back dividends, or raise funds by selling securities or assets. A "rm can make it less likely that it will be short of liquid assets in a particular state of the world by having lower leverage, or by hedging. Consequently, an optimal theory of liquid asset holdings has to address the issue of why it is more e$cient for the "rm to hold an additional dollar of liquid assets instead of decreasing leverage by some amount, or increasing hedging.
In the remainder of the section, we "rst address the role of transaction costs as a determinant of cash holdings, and then turn to the impact of information asymmetries and agency costs on cash holdings. The section concludes with a discussion of the "nancing hierarchy model.
The transaction costs model
Keynes ' (1936) transaction motive for holding cash arises from the cost of converting cash substitutes into cash. Consider the e!ect of transaction costs on the irrelevance result within the framework we have just discussed. We now assume that there are costs to buying and selling "nancial and real assets. In particular, let us assume that there is a cost to raising outside funds that takes the form of a "xed cost, plus a variable cost which is proportional to the amount raised. In this case, a "rm short of liquid assets has to raise funds in the capital markets, liquidate existing assets, reduce dividends and investment, renegotiate existing "nancial contracts, or some combination of these actions. Unless the "rm has assets that can be liquidated at low cost, it prefers to use the capital markets. However, it is costly to raise funds, regardless of whether the "rm does so by selling assets or using the capital markets. The "xed costs of accessing outside markets induce the "rm to raise funds infrequently, and to use cash and liquid asset holdings as a bu!er. As a result, for a given amount of net debt, there is an optimal amount of cash, and cash is not simply negative debt. Fig. 1 shows the marginal cost curve of being short of liquid assets, and the marginal cost curve of holding cash. The marginal cost curve of being short of liquid assets is downward sloping and the marginal cost curve of holding liquid assets is assumed to be horizontal. With the transaction costs model, the cost of liquid assets is their lower pecuniary expected return, because part of the bene"t from holding liquid assets is that they can be more easily converted into cash. There is no reason to think that this cost varies with the amount of liquid assets held. If the "rm has a shortage of liquid assets, it can cope with the shortage by either decreasing investment or dividends, or by raising outside funds through security issuances or asset sales. A greater shortage has greater costs, because addressing a larger shortage involves decreasing investment more or raising more outside funds. For a given amount of liquid assets, an increase in the cost of being short of liquid assets, or an increase in the probability of being short of liquid assets, both shift the marginal cost curve to the right, and increase the "rm's holdings of liquid assets.
With the assumptions that lead to Fig. 1 , one would expect the marginal cost of being short of funds, and a related increase in holdings of liquid assets to respond to the following variables:
Magnitude of transaction costs of raising outside funds. One would expect transaction costs to be lower for "rms that have already accessed public markets. This expectation means that "rms with a debt rating have less liquid assets. Firms could also raise outside funds more easily if they have credit lines outstanding, but credit lines may get canceled precisely when outside funds are the most valuable for a company.
Cost of raising funds through asset sales, dividend cuts, and renegotiation. Shleifer and Vishny (1993) discuss the role of assets sales as a source of "nancing. A "rm with assets on its balance sheet that can be cheaply converted into cash can raise funds at low cost by selling these assets. Hence, "rms with mostly "rm-speci"c assets have higher levels of liquid assets. To the extent that diversi"ed "rms are more likely than specialized "rms to have substantial assets that can be sold, because they can sell non-core segments, diversi"ed "rms have lower levels of liquid assets. Also, a "rm that currently pays dividends can raise funds at low cost by reducing its dividend payments, in contrast to a "rm that does not pay dividends, which has to use the capital markets to raise funds.
Investment opportunities. An increase in the number of pro"table investment opportunities means that, if faced with a cash shortage, the "rm has to give up better projects.
Cost of hedging instruments. By hedging with "nancial instruments, a "rm can avoid situations where it has to seek funds in the capital markets because of random variation in cash #ow. Hence, "rms for which hedging is expensive are expected to hold more liquid assets.
Length of the cash conversion cycle. One would expect the cash conversion cycle to be short for "rms in multiple product lines and "rms with low inventory relative to sales. Consequently, these "rms should have less liquid assets.
Cash yow uncertainty. Uncertainty leads to situations in which, at times, the "rm has more outlays than expected. Therefore, one would expect "rms with greater cash #ow uncertainty to hold more cash. Absence of economies of scale. Simple transaction costs models, such as Miller and Orr (1966) , suggest that there are economies of scale in cash management.
In a world with signi"cant transaction costs, one would expect assets that can be exchanged for cash, while incurring lower transaction costs, to have a lower
In a contemporaneous paper, Kim et al. (1998) model the transaction costs motive to hold cash and make some similar predictions. return to re#ect this bene"t (see Amihud and Mendelson, 1986) . This expectation means that there is now a cost to holding liquid assets. We call this the liquidity premium. Note that this liquidity premium cannot be a risk premium. If liquid assets simply earn less because they have di!erent risk characteristics, holding them does not entail a cost. One would expect this cost to be highest for cash, and to decrease for assets that are poor substitutes for cash. Consequently, a "rm's liquid assets have an opportunity cost. For liquid assets held in the form of demand deposits, the opportunity cost increases with interest rates. To the extent that cash substitutes are deposited in short-maturity instruments, holding these cash substitutes becomes more expensive when the liquidity premium component of the term structure rises.
So far, our discussion has omitted taxes. Taxes increase the cost of holding liquid assets. The reason is that the interest income from liquid assets is taxed twice. It is taxed "rst at the corporate level, and then taxed again as it generates income for the shareholders. Consider the case of a shareholder that pays no capital gains taxes. Such a shareholder would prefer the "rm to use excess liquid asset holdings to repurchase shares. By taking this action, the marginal tax rate on the liquid asset holdings for that investor would fall by the corporation's tax rate. This relation means that the cost of holding liquid assets increases with the "rm's marginal tax rate.
In summary, the transaction costs model implies that liquid assets increase with (1) the volatility of cash #ow divided by total assets, and (2) the length of the cash conversion cycle. The model also implies that liquid asset holdings decrease (1) with interest rates and the slope of the term structure, (2) with the cost of raising debt, (3) with the ease of selling assets, (4) with the cost of hedging risk, and (5) with the size of a "rm's dividend. The inclusion of taxes has the additional implication that the cost of holding liquid assets increases with the "rm's marginal tax rate.
Information asymmetries, agency costs of debt, and liquid asset holdings
We now extend the analysis to allow for information asymmetries and agency costs of debt. In this case, cash #ow shortfalls might prevent a "rm from investing in pro"table projects if the "rm does not have liquid assets, so that "rms can "nd it pro"table to hold cash to mitigate costs of "nancial distress. We call this motivation to hold liquid assets the precautionary motive for holding cash.
First, consider the role of information asymmetries. Information asymmetries make it harder to raise outside funds. Outsiders want to make sure that the securities they purchase are not overpriced, and consequently discount them appropriately. Since outsiders know less than management, their discounting may underprice the securities, given management's information (see Myers and Majluf, 1984) . In fact, outsiders may require a discount that is large enough that management may "nd it more pro"table to not sell the securities, and reduce investment instead. Since information asymmetries make outside funds more expensive, the model with information asymmetries makes many predictions that are similar to the model with transaction costs discussed earlier. However, the model with information asymmetries provides an explicit reason why outside funds would be expensive, possibly prohibitively so. This model predicts that the cost of raising outside funds increases as securities sold are more information sensitive, and as information asymmetries are more important. It is important to note that information asymmetries can change over time, so that a "rm for which these asymmetries are unimportant at one point in time may later "nd itself in a situation where these asymmetries become crucial. Myers and Majluf (1984) argue that shifting information asymmetries make it valuable to build up slack in periods when information asymmetries are small. Antunovich (1996) further argues that "rms with higher information asymmetries will have a greater dispersion of slack, since these "rms have more di$culty accessing capital markets. When information asymmetries are important, a cash #ow shortfall forces "rms to contract investment, and hence involves greater costs. One would expect this cost of "nancial distress to be larger for "rms with high research and development (R&D) expenses, since R&D expenses are a form of investment where information asymmetries are most important (see Opler and Titman, 1994) . Consequently, we would expect that "rms with higher R&D expenses will hold more liquid assets.
We now turn to the role of agency costs of debt. These agency costs arise when the interests of the shareholders di!er from the interests of the debtholders, and, possibly, when interests di!er among various classes of debtholders. Because of these costs, highly leveraged "rms "nd it di$cult and expensive to raise additional funds. These "rms also sometimes "nd it impossible to renegotiate existing debt agreements to prevent default and bankruptcy. Such "rms have high incentives to engage in asset substitution, as argued by Jensen and Meckling (1976) , so that debt will be expensive, both in terms of the required promised yield, and in terms of the covenants attached to the debt. They are also likely to face the underinvestment problem emphasized by Myers (1977) , namely, that raising funds to invest may bene"t debtholders but not shareholders, so that shareholders prefer not to invest, even though the "rm has valuable projects.
Firms want to avoid situations where the agency costs of debt are so high that they cannot raise funds to "nance their activities and invest in valuable projects. Obviously, one way to do so is to choose a low level of leverage. However, one would expect "rms with valuable investment opportunities, for which the cost of raising additional outside funds is high, or even prohibitive, to hold more liquid assets, since the cost of being short of funds is higher. The market-to-book ratio is often used as a proxy for investment opportunities (see Smith and Watts, 1992; Jung et al., 1996) . Holding the degree of information asymmetry between managers and investors constant, one would expect "rms with high market-to-book ratios to hold more cash, since the costs they incur if their "nancial condition worsens are higher. The problem is that such "rms invest a lot, so that if investment expenditures occur discretely, they hold more cash, on average, in order to pay for investment expenditures. Hence, one would expect liquid assets to increase with the market-to-book ratio, controlling for the level of investment expenditures.
Agency costs of managerial discretion
In the presence of agency costs of managerial discretion, management may hold cash to pursue its own objectives at shareholder expense. First, management may hold excess cash simply because it is risk averse. More entrenched management would therefore be more likely to hold excess cash because it can avoid market discipline. Hence, one would expect "rms with anti-takeover amendments to be more likely to hold excess cash. Second, management may accumulate cash to have more #exibility to pursue its own objectives. Cash is like free cash #ow. Cash allows management to make investments that the capital markets would not be willing to "nance. In this sense, cash is not negative debt for management. While management can spend the cash whenever it wants to, it may not be able to raise debt whenever it wants to. By enabling management to avoid the discipline of capital markets, investing in cash can therefore have an adverse e!ect on "rm value. To put it another way, increasing a "rm's holdings of liquid assets by one dollar may increase "rm value by less than one dollar. The possibility that management could be using cash for its own objectives raises the costs of outside funds, because outsiders do not know whether management is raising cash to increase "rm value or to pursue its own objectives. Third, management may accumulate cash because it does not want to make payouts to shareholders, and wants to keep funds within the "rm. Having the cash, however, management must "nd ways to spend it, and hence chooses poor projects when good projects are not available. In general, the agency costs of managerial discretion are less important, and may be trivial for "rms with valuable investment opportunities, because the objectives of management and shareholders are more likely to coincide.
When is it more likely that management will not be disciplined, so that it can a!ord to hold excess cash to pursue its own objectives? We hypothesize four conditions that increase the likelihood of holding excess cash. First, we expect that "rms will hold excess cash where outside shareholders are highly dispersed. As argued by Shleifer and Vishny (1986) , the existence of large independent shareholders makes a takeover or a proxy contest, or both, easier. Second, we expect large "rms to hold excess cash. Firm size is a takeover deterrent. A larger target requires more resources to be husbanded by the bidder, and a large "rm can more easily use the political arena to its advantage. Third, we expect "rms with low debt to hold excess cash. By having low debt, the "rm is less subject to monitoring by the capital markets. Fourth, "rms that are protected from the market for corporate control through anti-takeover charter amendments will also hold excess cash. These amendments make it less likely that the "rm becomes a takeover target.
For entrenched management, accumulating liquid assets can be a doubleedged sword. Holding excess cash makes it easier for management to remain independent from the capital markets, and to pursue its investment policies. At the same time, it increases the gain to a bidder from taking over the "rm, since the bidder gains control of liquid assets that can help "nance the acquisition.
To the extent that agency costs of managerial discretion are higher for low market-to-book "rms than for high market-to-book "rms, as argued in Stulz (1990) , one expects low market-to-book "rms with entrenched management to have excess liquid assets. To the extent that low market-to-book "rms have poor investment opportunities, and management holds liquid assets to facilitate an investment program that it would "nd di$cult to "nance through the capital markets, one would expect low market-to-book "rms with more liquid assets to invest more.
Management's holdings of shares help align its interests with those of shareholders. At the same time, however, these holdings protect management against outside pressures, and may make management more risk-averse (see Stulz, 1988) . If holding cash is costly and management tends to hold more cash than is optimal from the perspective of maximizing shareholder wealth, then one would expect cash holdings to fall with managerial ownership. However, to the extent that managerial ownership makes management more risk averse, then one would expect cash holdings to increase with managerial ownership.
The xnancing hierarchy theory
Consider now the alternative hypothesis that there is no optimal amount of cash. For that to be the case, "rms can issue securities at low cost to raise cash whenever they have insu$cient cash to "nance their plans. It may be that a "rm has an optimal amount of net debt, but it is then a matter of indi!erence for the "rm whether it has high cash holdings and high debt, or low cash holdings and low debt, as long as it has the optimal amount of net debt. However, there might not be an optimal amount of cash, because there is no optimal amount of net debt. This result is the case with the "nancing hierarchy model. Firms "nd equity expensive because of information asymmetries, so they do not raise funds in the form of equity under normal circumstances. They sell debt when they do not have su$cient resources, and they can do so. If they have su$cient resources to invest in the pro"table projects available, they repay debt that becomes due, and accumulate liquid assets otherwise. With this hypothesis, liquid assets rise and fall with the fortunes of the "rm. If holding cash has no costs for the shareholders, there is no reason for them to object if the "rm has large amounts of liquid assets at times.
The distinction between the "nancing hierarchy model and the static tradeo! model is not as clear-cut as one might want. The distinction becomes blurry as the cost of external capital is allowed to play more of a role in the "nancing hierarchy model. We will stick to a narrow view of the "nancing hierarchy model, according to which debt and cash increase mechanically as the "rm has more funds available. Even though we focus on an extreme version of the "nancing hierarchy model, some of its empirical predictions are similar to those of the static tradeo! model, so that it is di$cult to distinguish empirically between the two models. In the "nancing hierarchy model, "rms with high cash #ow will have more cash. However, as argued by Shyam-Sunder and Myers (1998) , it is often the case that "rms with high cash #ow also have a high market-to-book ratio. This condition occurs because these "rms can be expected to be pro"table in the future. Hence, discovering that "rms with a high marketto-book ratio have more cash is not inconsistent with the "nancing hierarchy model. With this model, "rms that pay more dividends should have lower cash. Everything else equal, however, a "rm that invests more should have fewer internal resources, and hence would accumulate less cash. In contrast, with the static tradeo! theory, "rms with more capital expenditures have more liquid assets. The same argument applies to R&D investments. There seems to be no reason why the variables emphasized by the agency theory arguments, namely the proxies for managerial entrenchment, would have implications for cash holdings in the "nancing hierarchy model. Finally, with the "nancing hierarchy view, "rms that are larger presumably have been more successful, and hence should have more cash, after controlling for investment. The static tradeo! model argues that there are economies of scale in liquid assets, so that one would expect "rm size to have a negative impact on cash holdings.
Data
To investigate our hypotheses on the determinants of cash holdings, we construct a sample of "rms for our empirical tests by merging the Compustat annual industrial and full coverage "les with the research industrial "le for the 1952}1994 period. These data include survivors and non-survivors that appeared on Compustat at any time in the sample period. We exclude "nancial "rms, with Standard Industrial Classi"cation (SIC) codes between 6000 and 6999, because their business involves inventories of marketable securities that are included in cash, and because of their need to meet statutory capital requirements. We also exclude utilities, because their cash holdings can be subject to regulatory supervision in a number of states. We exclude "rms with nonpositive sales for the years in which they have nonpositive sales. Finally, we exclude American Depository Receipts (ADRs), and "rms designated as pre-FASB. We present regressions predicting cash and the persistence of cash holdings using the entire dataset. We also present a separate regression analysis of cash holdings in 1994 for the simple reason that data are available to us for the governance structure and risk management activities of "rms for that year. Insider share ownership is measured as the fraction of shares outstanding held by o$cers and directors, as reported by Compact Disclosure. Firm diversi"cation is measured using the Compustat segment tapes.
Measure of liquid asset holdings
We measure liquid asset holdings as the ratio of cash and marketable securities (Compustat item C1) to total assets (Compustat item C6) minus cash and marketable securities. We de#ate liquid asset holdings by the book value of total assets, net of liquid assets, which we call net assets hereafter, with the view that a "rm's ability to generate future pro"ts is a function of its assets in place. While not reported in this paper, we also measure liquidity using the cash-tosales ratio. This alternative measure does not a!ect our main conclusions in a material way.
We measure the likelihood that a "rm will have positive net present value (NPV) projects in the future by using the ratio of the market value of a "rm's assets to the book value of its assets. Since the book value of assets does not include future growth options, we would expect the ratio of the market value of the "rm, relative to the book value, to be higher when a "rm has a high preponderance of growth options. A variety of past papers "nd that the marketto-book ratio is an important determinant of corporate "nancing choices thought to depend on a "rm's portfolio of growth options (see, Smith and Watts, 1992; Jung et al., 1996; Barclay and Smith, 1995) .
We allow for possible e!ects of regulation by using a dummy variable for industries that are, or have been, subject to entry and price regulation. This variable is identical to that employed by Barclay and Smith (1995) . Regulated industries include railroads (SIC code 4011) through 1980, trucking (SIC codes 4210, 4213) through 1980, airlines (SIC code 4512) through 1978, and telecommunications (SIC codes 4812, 4813) through 1982.
We measure "rm size as the natural logarithm of the book value of assets in 1994 dollars. We measure leverage using the debt-to-assets ratio de"ned as (long-term debt#short-term debt)/book value of assets. To distinguish the e!ects of a "rm's dividend payouts, we de"ne a dummy set equal to one in years where a "rm pays a dividend. Otherwise, the dummy variable equals zero.
Finally, we measure cash #ow as earnings after interest, dividends, and taxes, but before depreciation, divided by net assets.
We measure cash #ow riskiness using two measures. First, we use the standard deviation of industry cash #ow computed as follows. For each "rm, we compute the cash #ow standard deviation for the previous 20 years, if available, using Compustat since 1950. We then take the average across the 2-digit SIC code of the standard deviations of "rm cash #ow (industry sigma). Second, we compute a "rm's cash #ow standard deviation for 1994 using the previous twenty years of data, if available.
We use the R&D expense-to-sales ratio as a measure of the potential for "nancial distress costs. Firms that do not report R&D expenses are considered to be "rms with no R&D expenses. Our hypotheses consider the agency costs of managerial discretion. It is di$cult to measure the extent of con#ict of interest between the managers of a corporation and its shareholders. In theory, the severity of this con#ict is a!ected by a number of hard-to-measure concepts, including the e$ciency of the managerial labor market, and the extent of product market discipline (Fama and Jensen, 1983) . Nonetheless, there is a large body of literature that suggests that certain types of "rms are more likely to su!er from agency con#icts. For example, "rms with inside ownership in excess of 5%, but less than 25}40%, appear to trade at somewhat higher market valuations than other "rms (Morck et al., 1988; McConnell and Servaes, 1990 ). We employ a dummy for whether insider ownership of a "rm is in the 5}25% range, and a dummy for whether insider ownership is greater than 25%.
Firms may choose to insure themselves against losses by holding liquid assets besides cash, and by having credit lines available. For example, it is common for "rms to sell o! non-core assets in periods of economic distress (see Lang et al., 1994) . It is also becoming increasingly frequent for "rms to liquidate receivables through factoring or securitization as a means of raising liquidity. We use net working capital, minus cash, as a measure of liquid asset substitutes. In addition, we employ a count of the number of reported line of business segments to measure whether "rms have non-core assets that could be liquidated in periods of economic distress. Unfortunately, we do not have data on credit lines.
Finally, to assess a "rm's derivatives usage in 1994, we use the Corporate Risk Management Handbook from Risk Publications for that year. We collect information on whether an S&P 500 corporation uses derivatives, and on the total of the notional amount of the derivatives it reports. Table 1 describes the main variables used in the study. There is wide variation in the ratio of cash and marketable securities to assets. The median "rm has cash equal to approximately 6% of net assets, or total assets less cash. On a dollar basis, the median "rm has cash holdings of $6.28 million, a relatively small amount. This statistic re#ects the size distribution of "rms in our sample: The median "rm in the sample has an asset base of $90.1 million. Descriptive statistics on key variables for our sample of "rm years from the 1971}1994 sample of U.S.-based publicly traded "rms. Assets in the denominators of variables are calculated as assets less cash and marketable securities. Real variables are de#ated using the CPI into 1994 dollars. Truncated cash to assets is calculated such that, for any cash-to-assets ratio greater than one, it is given a ratio of one. Size is de"ned as the natural logarithm of assets. The market-to-book ratio is measured as the book value of assets, less the book value of equity, plus the market value of equity, divided by assets. Cash #ow is de"ned as earnings before interest and taxes, but before depreciation and amortization, less interest, taxes, and common dividends. Net working capital is calculated without cash. Payout to shareholders is the sum of cash dividends over assets and stock repurchases over assets. Industry sigma is a measure of the volatility of an industry's cash #ow for a 20-year period. Industries are de"ned by 2-digit SIC codes. Total leverage is total debt over total assets. Other variables displayed include measures of research and development (R&D) spending, capital expenditures, and acquisitions. N is the number of non-missing observations in the sample for each variable. Fig . 2 shows the median cash-to-assets ratio in the 1952}1994 period for "rms with real assets in the $90-to-$110 million range and in the $900 million-to-$1.1 billion range in 1994 dollars, adjusted for in#ation using the Consumer Price Index (CPI) series. For small "rms, cash holdings decline throughout the 1950s and the 1960s. Part of this trend may be due to "rms having a surplus of cash at the end of WWII, and part of this trend may be the result of technological improvements in cash management. There was a strong decline of cash holdings in the second half of the 1960s. The other reason why cash holdings might be higher in the 1950s and early 1960s in our sample is that, since Compustat was started in the 1960s, all of these "rms are survivors. Except for the 1950s and early 1960s, there is little evidence of dramatic changes in cash holdings over time. For small and large "rms, there is little evidence of secular changes in cash to assets since the 1960s. . Median cash-to-assets ratio in the 1950}1994 period for Compustat "rms with real assets in the $90-110 million range, and in the $900 million to $1.1 billion range, in 1994 dollars (adjusted for in#ation using the CPI). The ratio is calculated as cash plus marketable securities, over assets less cash plus marketable securities.
The determinants of cash balances
In this section, we "rst test whether "rms have target cash levels. Finding that they do, we then estimate linear regression models where the logarithm of cash to net assets is a function of the variables that theory identi"es as determinants of cash balances.
Do xrms have target cash levels?
The "rst step in investigating whether "rms have target cash levels is to examine whether cash holdings revert to the mean. If they do not, we can reject the hypothesis that "rms have target cash levels. However, the "nancing hierarchy model is not inconsistent with mean reversion in cash holdings. In the "nancing hierarchy model, the time-series properties of changes in cash depend on the time-series properties of the "rm's growth in internal resources. Negative 
where is a "rst di!erence operator, and time steps are annual. Cash/assets is de"ned as cash and marketable securities, over assets less cash and marketable securities. The chart includes information on 10,441 U.S. based "rms included on Compustat with at least "ve years of data on cash holdings in the 1950}94 period. The median coe$cient value is !0.242.
autocorrelation in the growth in internal resources would lead to negative autocorrelation in cash holdings. We test the hypothesis that cash holdings are mean reverting by estimating a "rst order autoregressive model for each Compustat "rm of the form
where R is an independent and identically distributed disturbance with zero mean. Fig. 3 shows the distribution of the autoregressive coe$cients ( ) from this regression for all Compustat "rms with more than "ve years of data in the 1950}94 period. The median coe$cient is negative, indicating that cash balances are mean reverting. It appears that there are systematic factors that cause "rms to not let cash balances rise too high or fall too low.
In Table 2 , we attempt to distinguish more directly between the static tradeo! model and the "nancing hierarchy model. The sample used in this table is much It should be noted that these coe$cients are biased downwards in small samples, so that we may be underestimating the extent of mean-reversion (see Hamilton, 1994, p. 217) . Table 2 Time series analysis of liquid asset holdings Regressions examining whether "rms have target cash levels. The dependent variable is the change in level of cash/net assets from the prior year where net assets are assets net of cash and marketable securities. Target adjustment is the di!erence between the estimated target level of cash/net assets and the previous year's level. The target is estimated in three di!erent ways. Mean target adjustment is an average of the prior "ve years of cash/net assets. Size and sigma target adjustment is calculated as the predicted value from a regression of cash/net assets on real size and industry sigma. Sophisticated target is calculated as the predicted value from the Fama-MacBeth regressions in Table 4 . Pecking order is the #ow of funds de"cit, de"ned as cash dividends plus capital expenditures, change in net working capital (less cash) and current portion of long term debt due, less operating cash #ow, where all variables are de#ated by net assets. Pecking order * above target is an interactive dummy variable which equals Pecking order if the "rm is above its target level of cash, and zero otherwise. Real size is the natural logarithm of assets, de#ated using the CPI into 1994 dollars. Industry sigma is the mean of the standard deviation of the prior 20 years of cash #ow divided by net assets for each industry. Industries are de"ned by 2-digit SIC code. The sample is restricted to 1048 "rms for which cash data is available for every year of the sample. Heteroskedastic-consistent standard errors are used to calculate t-statistics, shown in parentheses. Variable
(8) smaller than the sample used in the "rst test. We use only the 1048 "rms for which #ow-of-funds data are available every year from 1971 to 1994. The target adjustment model we posit states that changes in cash holdings in year t#1 depend on the di!erence between actual cash holdings and the target cash holdings at the end of year t. The "rst model uses the average cash holdings of a "rm during the "ve previous years as the "rm's target cash holdings. This model is similar to the models tested in the capital structure literature discussed in Shyam-Sunder and Myers (1999) . As shown in column (1) of Table 2 , the adjustment coe$cient is !0.3283, with a t-statistic of !8.69. The regression R is 0.08. This regression indicates that a simple target adjustment model explains some of the change in cash holdings. The second regression presents estimates of a model where the target for a "rm is obtained each year from the "tted values of a cross-sectional regression of cash holdings on real "rm size and industry volatility. The target estimate for a given year is obtained without using information from subsequent years. The motivation for this model comes from theoretical models of cash holdings, the fact that there are returns to scale in cash holdings, and that the precautionary motive to hold cash speci"es a negative relation between cash holdings and volatility. This model has a regression R of 0.10, and the slope coe$cient is highly signi"cant. Finally, we use as the target the "tted values from the Fama}MacBeth cross-sectional model presented later in this paper. This model is estimated annually, so that all information required to estimate the target is available in the year in which the target is used in the regression. Using this target increases the regression R to 0.14, as shown in column (3) of Table 2 . All three target adjustment models are supported. We then turn to the "nancing hierarchy model. We test that model by assuming that changes in cash holdings are given by the #ow of funds de"cit, measured as cash dividends plus capital expenditures plus the change in net working capital (less cash), plus the current portion of long-term debt due, minus the operating cash #ow. Note that the #ow of funds de"cit is computed before "nancing, so that we are not estimating an identity. Both cash holdings and the #ow of funds de"cit are normalized by assets minus liquid assets. The coe$cient on the #ow of funds de"cit is !0.2195, with a t-statistic of !15.10 (see column (4) of Table 2 ). Consequently, there is support for the "nancing hierarchy model as well. When the "nancing hierarchy model is used for debt, the "nancing hierarchy model has an extremely high R, in excess of 0.7, but this result is not true here. The R of the "nancing hierarchy model is 0.13, which is slightly less than the result for the target adjustment model, using our crosssectional model for the target.
The next three regressions of Table 2 , columns (5)}(7), allow the change in cash to be in#uenced by both the target adjustment model and the "nancing hierarchy model. In all three regressions, both models are signi"cant. It seems that the two models capture di!erent aspects of the change in cash holdings of "rms. Adding the "nancing hierarchy model to the target adjustment model has little impact on the coe$cient estimates or t-statistics of either model. Further, the Rs for the regressions that combine both models are almost equal to the sum of the Rs of the individual regressions.
Agency considerations suggest that managers who want to keep resources within the "rm would let cash accumulate if the "rm does well. However, this management would also take steps to remedy a situation where the "rm has too little cash, relative to some target, even if the "rm has a cash #ow de"cit. This reasoning makes it plausible that the "nancing hierarchy model would better predict changes in cash for "rms that exceed their target. The last three regressions of Table 2 , shown in columns (8)}(10), test this hypothesis. For all three target models, the coe$cient of the #ow of funds de"cit is signi"cantly higher in absolute value for "rms that have liquid assets in excess of their target. Table 3 presents univariate comparisons of key descriptive variables by cash-to-assets quartile. The quartiles are constructed each year, which explains why the ranges of the cash-to-assets ratio overlap across quartiles. We are interested in whether the characteristics of companies which hold high cash balances, such as those companies in the fourth quartile, di!er from those with low cash balances, such as those in the "rst quartile. We test the hypothesis that the fourth-quartile "rms di!er signi"cantly from the "rst-quartile "rms using a t-test. However, it turns out that "rm characteristics do not always change monotonically with cash holdings, so that comparing the "rms in the "rst and fourth quartiles of cash holdings is not su$cient to describe the relation between cash holdings and "rm characteristics.
Univariate tests
Firms in the fourth quartile of cash holdings di!er signi"cantly from "rms in the "rst quartile of cash holdings at the 10% level, or better, for all variables we are considering. As expected, the "rms with the most cash are smaller than the ones with the least cash. However, the univariate relation between cash and "rm size is not monotonic. Firms in the "rst three quartiles of cash holdings are similar in size, but "rms in the fourth quartile are substantially smaller. The market-to-book ratio increases monotonically with cash holdings. The same result holds for the R&D-to-sales ratio. The average ratio of cash #ow-to-assets increases over the "rst three quartiles, and then falls dramatically so that the "rms in the fourth quartile have the lowest average cash #ow-to-assets ratio. Yet, the median cash-to-assets ratio increases monotonically, as predicted by the "nancing hierarchy model. Capital expenditures increase monotonically with the cash-to-assets ratio, which seems inconsistent with the "nancing hierarchy model. Somewhat surprisingly, the acquisition spending-to-assets ratio is lower Table 3 Firm characteristics by cash/assets quartiles Univariate comparison of means and medians of measures of "rm characteristics of 87,135 "rm years from the 1971}1994 sample of U.S.-based publicly traded "rms. Median values are bracketed. Assets in the denominators of all variables are assets net of cash holdings. Real variables are de#ated using the CPI into 1994 dollars. Size is de"ned as the natural log of assets. The market-to-book ratio is measured as the book value of assets, less the book value of equity, plus the market value of equity, divided by assets. Cash #ow is de"ned as earnings before interest and taxes, but before depreciation and amortization, less interest, taxes, and common dividends. Net working capital is calculated without cash. Payout to shareholders is the sum of cash dividends over assets and stock repurchases over assets. Industry sigma is a measure of the volatility of an industry's cash #ow for a 20-year period. Industries are de"ned by 2-digit SIC codes. Total leverage is total debt over total assets. Other variables are included to control for research and development (R&D) spending, acquisitions, and capital expenditures. Quartiles for cash-to-assets are determined each year. The t-statistic is for a di!erence of means test from the "rst to the fourth quartile. Each quartile contains approximately 21,780 "rm years. for "rms in the fourth quartile of cash holdings than for "rms in the "rst quartile. In contrast, payouts to shareholders increase monotonically across quartiles of cash holdings. Neither of these results seems consistent with free cash #ow theory. Finally, industry volatility increases monotonically across quartiles. Table 4 presents panel regressions predicting liquidity levels in the 1971}1994 period, using the independent variables described earlier. The variables predicting liquidity levels are observed in the same "scal year as the liquidity levels. In most, but not all, regressions, "rms are allowed to enter and leave the panel. We use the logarithm of liquidity as our dependent variable. In cases where we look at industry-adjusted variables, we include dummy variables for each industry, de"ned by the 2-digit SIC code.
Regression tests on the 1971}1994 sample
The "rst column of Table 4 reports estimates using the method presented in Fama and MacBeth (1973) , referred to hereafter as the Fama-MacBeth model. With this approach, a cross-sectional regression is estimated each year. This method eliminates the problem of serial correlation in the residuals of a timeseries cross-sectional regression. The Fama-MacBeth model e!ectively treats each year as an independent cross-section. We "nd that cash holdings decrease signi"cantly with size, net working capital, leverage, whether a "rm pays dividends, and whether it is regulated. Cash holdings increase signi"cantly with the cash #ow-to-assets ratio, the capital expenditures-to-assets ratio, industry volatility, and the R&D-to-sales ratio. The coe$cients are not only statistically signi"cant but, in general, they are also economically signi"cant. Going from small "rms to large "rms, increasing real assets by a factor of 100, for example, multiplies the log of the liquid assets ratio by about 0.80. An increase in the market-to-book ratio, from the "rst to the fourth quartile of the market-to-book distribution, more than doubles the cash-to-assets ratio.
With the Fama}MacBeth regressions, the coe$cients of the market-to-book, cash #ow-to-assets, and the dividend dummy variables are consistent with the static tradeo! theory, as well as with the "nancing hierarchy model. However, the coe$cients of the size, capital expenditures, and R&D variables are more consistent with the static tradeo! theory than with the "nancing hierarchy model. It is not clear that the "nancing hierarchy model has predictions for the sign of working capital and industry volatility. The coe$cients of these variables are consistent with the static tradeo! theory. Finally, the static tradeo! theory does not make clear predictions about the coe$cient of leverage, but the result for this coe$cient is consistent with the "nancing hierarchy model. To the extent that the evidence supports the static tradeo! model, it cannot be the case that cash holdings are a matter of indi!erence. Students of the determinants of leverage will notice that it is generally the case that the variables that a!ect cash holdings are also variables that a!ect leverage, but usually with the opposite sign, so that variables that are associated with more cash are variables that are Our qualitative results are not a!ected when using the level of liquidity as the dependent variable. Table 4 Regressions predicting "rm liquidity levels, 1971}1994
The dependent variable in all regressions is the natural log of cash/assets, which is calculated as cash divided by assets less cash holdings. In all the independent variable denominators, assets are net of cash. The year dummy regressions are run with a dummy variable for each year from 1972}1994. Real size is the natural log of assets, de#ated using the CPI to 1994 dollars. The market-to-book ratio is measured as the book value of assets, less the book value of equity, plus the market value of equity, divided by assets. Cash #ow is de"ned as earnings before interest and taxes, but before depreciation and amortization, less interest, taxes, and common dividends. Net working capital is calculated without cash. Total leverage is total debt over total assets. Industry sigma is the mean of standard deviations of cash #ow over assets over 20 years, for "rms in the same industry, as de"ned by 2-digit SIC code. Dividend dummy is a variable set to one if the "rm paid a dividend in the year, and set to 0 if it did not. Regulation dummy is a variable set to 1 if the "rm is in a regulated industry for the year, and set to 0 if it is not. Other variables are included to control for research and development (R&D) spending and capital expenditures. Industry dummy variables are constructed for each industry, de"ned by the 2-digit SIC code. The Fama-MacBeth model gives the average of the time series of coe$cients from annual cross-sectional regressions. The cross-sectional regression uses the means of all variables for each "rm. Only "rms for which a full panel of data is available are used in the cross-sectional speci"cation. All t-statistics are corrected for heteroskedasticity using White's (1980) correction. The adjusted R of the "xed-e!ects model is computed without the "xed e!ects. The "xed-e!ects regression excludes "rms with only one observation. associated with less debt. This reasoning suggests that variables that make debt costly make cash holdings advantageous. At the same time, however, our regressions do not imply that "rms are indi!erent between having one more dollar of cash or one less dollar of debt. If this were the case, one would expect the coe$cient on debt to be insigni"cantly di!erent from minus one. In our regressions, the coe$cient on leverage is signi"cantly di!erent from minus one. We present four additional regression estimates in Table 4 . First, we use a time-series cross-sectional regression with year dummies, and a time-series cross-sectional regression with year dummies where the variables are adjusted for industry, using dummy variables at the 2-digit SIC code level. These two regressions lead to the same results as the Fama-MacBeth regressions, but they have much higher absolute value t-statistics. Second, we estimate the regression using the average of the variables over the sample period for the "rms used in the estimates of the target adjustment model in Table 2 . The coe$cient estimates in that regression are consistent with the estimates of the other regressions, except for cash #ow, which is not signi"cant, capital expenditures, which has a negative coe$cient, and the R&D-to-sales ratio, which has a negative coe$cient. Finally, we use a "xed-e!ects regression. Except for two variables, this regression has the same results as the time-series cross-sectional regressions. First, industry volatility has a signi"cant negative coe$cient. Second, the dividend dummy has a signi"cant positive coe$cient. Table 5 addresses some concerns that arise from reviewing the results shown in Table 4 . First, some of the variables in Table 4 may be determined for each See Harris and Raviv (1991) for a review of capital structure theories and the empirical evidence.
Interestingly, Graham (1998) "nds that the correlation between excess cash and excess debt capacity to be only 11.4%. Table 5 Modi"ed regressions predicting "rm liquidity levels, 1971}1994
The dependent variable in all regressions is the natural log of cash/assets, which is calculated as cash divided by assets less cash holdings. In all the independent variable denominators, assets are net of cash. Panel A shows reduced form regressions that omit capital expenditures, leverage and dividends. Panel B shows regressions that include a measure for the di!erence in cash holdings. The year dummy regressions are run with a dummy variable for each year from 1972}1994. Real size is the natural log of assets, de#ated using the CPI to 1994 dollars. The market-to-book ratio is measured as the book value of assets, less the book value of equity, plus the market value of equity, divided by assets. Cash #ow is de"ned as earnings before interest and taxes, but before depreciation and amortization, less interest, taxes, and common dividends. Net working capital is calculated without cash. Total leverage is total debt over total assets. Industry sigma is the mean of standard deviations of cash #ow over assets over 20 years, for "rms in the same industry, as de"ned by the 2-digit SIC code. Dividend dummy is a variable set to one if the "rm paid a dividend in the year, and set to 0 if it did not. Regulation dummy is a variable set to 1 if the "rm is in a regulated industry for the year, and set to 0 if it is not. Other variables are included to control for research and development (R&D) spending and capital expenditures. Di!erence in cash is the change in cash over net assets from year t to year t#1. Industry dummy variables are constructed for each industry, de"ned by 2-digit SIC code. The Fama}MacBeth model gives the average of the time series of coe$cients from annual cross-sectional regressions. The cross-sectional regression uses the means of all variables for each "rm. Only "rms for which a full panel of data is available are used in the cross-sectional speci"cation. All t-statistics are corrected for heteroskedasticity using White's (1980) correction. The adjusted R of the "xed-e!ects model is computed without the "xed e!ects. The "xed-e!ects regression excludes "rms with only one observation. "rm, jointly with their cash holdings. The static tradeo! theory would suggest that "rms choose leverage, cash holdings, and investment policy simultaneously. This simultaneous determination could make our estimates inconsistent.We therefore re-estimate the regressions of Table 4 omitting the capital expenditures, dividend, and leverage variables. These regressions, shown in Panel A of Table 5 , have the interpretation of reduced-form regressions. The resulting regressions lead to the same conclusions as those of Table 4 . Another concern arising from a review of Table 4 is that some of the cash holdings are transitory, because a "rm might have raised funds that it is waiting to spend, or the "rm has raised funds simply because it is away from its target holdings. To allow for the existence of transitory cash holdings, we add next year's change in cash holdings as an explanatory variable. If a "rm has unusually high cash because the "rm just raised funds that will be spent next year, this variable should capture the part of cash holdings that is transitory. As shown in Panel B of Table 5 , introducing this additional variable has little impact on the coe$cients of the other variables, except that the coe$cient of capital expenditures is no longer as reliable.
The fact that the univariate results indicate that "rms in the fourth quartile of cash holdings are quite di!erent from other "rms, and that some variables do not change monotonically across quartiles of cash holdings, raises the issue that our results might be excessively in#uenced by "rms that hold especially large amounts of cash. Although we do not report the results in the table, we investigate whether our results are driven by "rms with large amounts of cash relative to net assets. For this investigation, we re-estimate the regressions in Table 4 after eliminating from the sample the "rms that are in the top decile of cash holdings each year. The estimated coe$cients in the regressions without the "rms in the top decile of cash holdings have the same implications as the estimated coe$cients in the regressions we report in Tables 4 and 5 . The signi"cance of our results does not depend on the "rms that are in the top decile of cash holdings.
Regression tests on the 1994 sample
For 1994, we also have data on managerial ownership, derivatives usage, bond ratings, and anti-takeover charter amendments. We restrict the sample to "rms for which the degree of diversi"cation, as measured by the number of industry segments, is available. Table 6 estimates cross-sectional regressions using the explanatory variables from Tables 4 and 5, and additional explanatory variables available for 1994. The "rst two regressions in Table 6 use the full sample. The other two regressions use the subsample of S&P 500 "rms for which derivatives usage information is available, and for which all our other variables are also available. Looking at the "rst two columns, we "nd that the explanatory variables that are in these regressions, as well as in the earlier regressions, lead to the same inferences. In most cases, the coe$cient estimates are very similar. For instance, the coe$cient of the market-to-book variable is 0.1445 in Table 6 and 0.1515 in the "rst column of Table 4. Table 6 Derivative use and cash/assets, 1994
Two samples are used for these regressions. The full 1994 sample includes all "rms on Compustat for 1994 for which we have data on insider ownership, bond rating, and the number of industry segments. The subsample of "rms reporting derivatives includes only S&P 500 "rms for which we have data on derivative usage. We measure derivatives as the actual value of the derivatives as reported by Risk Publications. The dependent variable in all regressions is the natural log of cash/assets, which is calculated as cash divided by assets less cash holdings. In all the independent variable denominators, assets are net of cash. Real size is the natural log of assets, de#ated using the CPI to 1994 dollars. The market-to-book ratio is measured as the book value of assets, less the book value of equity, plus the market value of equity, divided by assets. Cash #ow is de"ned as earnings before interest and taxes, but before depreciation and amortization, less interest, taxes, and common dividends. Net working capital is calculated without cash. Total leverage is total debt over total assets. Firm sigma is the standard deviation of cash #ow over assets over 20 years. Dividend dummy is a variable set to one if the "rm paid a dividend in the year, and set to 0 if it did not. Number of segments is measured using the Compustat segment tapes. INSIDE 0% to 5% equals inside ownership if inside ownership is less then 5% and 5% if inside ownership is greater than 5%. INSIDE 5% to 25% equals zero if inside ownership is less than 5%, equals inside ownership minus 5% if inside ownership is greater than 5% but less than 25% and equals 20% if inside ownership is greater than 25%. INSIDE over 25% equals zero if board ownership is less than 25% and equals inside ownership minus 25% if inside ownership is greater than 25%. The bond rating dummy is equal to 1 if the "rm's debt has an investment grade rating (BBB or higher), and 0 if it is below investment grade (BBB-or lower), or it has no rating reported on Compustat for 1994. The anti-takeover dummy is equal to one if the "rm had an anti-takeover amendment in place, and set to zero otherwise. Derivative use dummy is a variable set equal to one if the "rm uses derivatives, and set to zero otherwise. Derivative use '10% of assets is a variable set to one if the "rm uses derivatives with a value greater than 10% of the "rm's assets, and set to zero otherwise. Other variables are included to control for research and development (R&D) spending and capital expenditures. Due to some very signi"cant outliers in the R&D-to-sales variable, we delete observations at the 1% tails. The static tradeo! model implies that "rms with a higher debt rating hold less cash, whereas the "nancing hierarchy model implies the contrary, since "rms that have done well have less debt and hence a higher bond rating. The "nancing hierarchy model has no clear predictions for the other variables. In Table 6 , "rm volatility has a strong positive e!ect on cash holdings, even when we control for industry volatility using our industry sigma variable. Management ownership has a positive e!ect on cash holdings, signi"cant at the 0.10 level for low ownership, but cash holdings do not increase further as ownership increases past 5%. This result is consistent with managerial risk aversion, insofar as managers may wish to protect their human capital with a cash bu!er. Not surprisingly, from the perspective of the static tradeo! theory, "rms that have an investment grade bond rating hold less cash. Although the diversi"cation variable has the predicted sign, it is not statistically signi"cant.
In the last two columns of Table 6 , we present regressions for the subsample of S&P 500 "rms reporting derivatives usage. The results are largely similar to the ones for the full sample. One exception is that diversi"cation has a negative coe$cient, signi"cant at the 0.10 level. Whether a "rm pays dividends or not does not seem to matter, which may re#ect the fact that most "rms in this subsample pay dividends. The coe$cients on the dummy variables denoting inside ownership, presence of anti-takeover amendments, and the bond rating level are not statistically signi"cant. This result may be due to a lack of cross-sectional variation for these variables among S&P 500 "rms. Cash holdings are unrelated to whether a "rm uses derivatives, but not to the intensity of derivatives usage. A dummy variable that takes the value of one if a "rm has derivatives, with a notional amount in excess of 10% of assets, has a signi"cant positive coe$cient. Consequently, the regressions in Table 6 do not provide support for the view that cash holdings and derivatives are substitutes, but are not inconsistent with the view that cash holdings and derivatives are complements.
Does excess cash a4ect spending?
We think of the regressions of Section 4 as providing a measure of the cash a "rm should hold. We compute a measure of excess cash from the residuals from the Fama}MacBeth regression of Table 4 . A company with positive excess cash is one that holds more cash than predicted by our model in that year. Since the cross-sectional regressions are estimated yearly, the regression model has no implication for the behavior of excess cash for a "rm over time. Hence, the regression model does not imply that excess cash exhibits mean reversion, but it does imply that average excess cash across "rms is equal to zero in a given year. It is interesting to note that Chrysler held $5.145 billion of cash in 1994, of which over $3.9 billion was excess cash, according to our model. Other large companies with excess cash are IBM, Procter and Gamble, and Ford. Companies with negative excess cash include DuPont, RJR, and Wal-Mart. Since theory provides only limited guidance for our empirical model, alternate speci"cations of our regressions might a!ect our estimates of excess cash. At the same time, however, our results do not seem to be sensitive to the alternate speci"cations we have explored.
To more fully understand how "rms manage their cash, we show in Table 7 how spending patterns in year t#1 are related to positive excess cash in year t. We use the Compustat #ow of funds data to identify spending patterns on an annual, as well as on a cross-sectional, basis. Firm years are separated into quartiles on the basis of the market-to-book (MB) ratio. If the market-to-book Table 7 Spending patterns based on market-to-book ratio and previous years excess cash
The sample includes only "rm years in which the "rm has positive lagged excess cash. Firm years are ranked into quartiles by the market-to-book ratio as measured by the book value of assets, less the book value of equity, plus the market value of equity, divided by assets in the current year. High (low) market-to-book "rms are those ranked in the top (bottom) quartile. The "rm years are also independently broken into quartiles based on the previous year's holdings of excess cash. The table shows the cross-tabulations of high and low market-to-book "rm years and quartiles of excess cash holdings. The excess cash holding is the antilog of a residual from a "rst pass regression to predict the natural log of cash divided by assets less cash. The cash quartiles are generated for every year, and "rms are regrouped each year. Panel A shows capital expenditures, Panel B shows expenditures on acquisitions, Panel C shows payments to shareholders, which is de"ned as stock repurchases plus cash dividends, and Panel D shows the operating cash #ow. All variables are from the #ow of funds statement, and are de#ated by total assets less cash. Number of "rm years of each quartile is in brackets. The t-statistic is generated from a di!erence of means test between the "rst and fourth quartiles of excess cash (column values) or the di!erence between high and low market-to-book (row values).
Market-to-book ratio
Quartiles ratio is a good proxy for the presence of pro"table growth opportunities, then our discussion of the agency costs of managerial discretion predicts that these agency costs are small in high-MB "rms. We therefore compare "rms in the highest and lowest quartiles of the market-to-book measure for di!erent quartiles of positive excess cash. The excess cash quartiles are computed separately across all "rms each year, so that the number of "rms in each cell varies, but "rms in the same excess cash quartile have similar amounts of excess cash irrespective of their market-to-book ratio.
We "nd that capital expenditures increase monotonically in excess cash for both high-MB and low-MB "rms. For all quartiles of excess cash, high-MB "rms invest signi"cantly more than low-MB "rms but there is no evidence that capital expenditures increase faster for low-MB "rms than for high-MB "rms as excess cash increases. The increase in capital expenditures across excess cash quartiles is small compared to the increase in excess cash. Moving from the "rst quartile to the fourth quartile of excess cash, capital expenditures increase by about 1.4% of net assets for high-MB "rms and 1.3% for low-MB "rms. However, excess cash increases dramatically, since average excess cash is 1.2% of net assets in the "rst quartile and 58.05% in the fourth quartile. The increase in capital expenditures across quartiles seems therefore to be almost trivial relative to the increase in excess cash. Although we do not reproduce results for "rms with negative excess cash, it is interesting to note that capital expenditures are U-shaped in excess cash, when we look both at positive and negative excess
The ratio of high-MB to low-MB capital expenditures is 1.57 for the "rst quartile of positive excess cash, 1.42 for the second, 1.43 for the third, and 1.54 for the fourth quartile.
cash. Low-MB "rms in the lowest quartile of negative excess cash have capital expenditures that are similar to those of low-MB "rms in the highest quartile of positive excess cash (0.0766 versus 0.0794). The same result holds for high-MB "rms (0.1166 versus 0.1150). In summary, there is no evidence that the "rms where one would expect the agency costs of managerial discretion to be the highest, namely low-MB "rms, have a higher propensity to spend excess cash on capital expenditures than other "rms.
Spending on acquisitions increases with excess cash, and is signi"cantly greater for "rms in the fourth quartile of excess cash than for "rms in the "rst quartile. Hence, the evidence shown in Table 7 is consistent with Harford (1998), who predicts that more spending takes place on acquisitions as excess cash increases. When one looks at spending on acquisitions in relation to excess cash for both positive and negative amounts of excess cash, "rms with negative excess cash spend less than half as much on acquisitions as do "rms in the fourth quartile of positive excess cash. Again, however, spending increases much more slowly than excess cash across the excess cash quartiles.
Payments to shareholders, which are the sum of dividends and stock repurchases, do not seem to be related to excess cash for high-MB "rms but are related for low-MB "rms. As shown in Table 7 , low-MB "rms pay out less to shareholders in the "rst three quartiles of excess cash than do high-MB "rms, but pay out more in the fourth quartile.
The bottom line from this analysis is that the spending of low-MB "rms is more sensitive to excess cash. Rather surprisingly, in light of the predictions of free cash #ow theory, the impact of excess cash on payouts to shareholders is of the same magnitude as the impact of excess cash on investment and spending on acquisitions. Not surprisingly, "rms with negative excess cash have lower payouts than other "rms.
Firms with more excess cash have higher capital expenditures, and spend more on acquisitions, even when they have poor investment opportunities. To investigate further the relation between excess cash and investment, we add excess cash to traditional investment equations. Table 8 reports such investment equations for "rms in our sample. We "nd that, after controlling for the determinants of investment, it is still the case that greater excess cash leads "rms to invest more, whether they have good investment opportunities or not. At the same time, however, it appears that the impact of excess cash on investment is signi"cantly smaller for positive excess cash than negative excess cash. In other words, negative excess cash reduces investment more than positive excess cash increases investment. This relation could be viewed as evidence for credit constraints of the type discussed in Fazzari, Hubbard and Petersen (1988) . Overall, the results suggest that the propensity to spend positive excess cash is small. Table 8 also provides no evidence to support the view that it takes time for excess cash to a!ect investment, since most of the e!ect seems to take place within one year. Table 8 Determinants of capital expenditures Ordinary least squares (OLS) and "xed-e!ects regression results for uses of cash using a sample of "rms for which excess cash can be calculated. A "rm had to be observed for at least 2 years to be included in the regressions. The t subscripts indicate time periods. The dependent variable in all regressions is capital expenditures divided by assets in year t. Assets are net of cash holdings in all variables. All data for right-hand-side numerators come from the #ow of funds statements. Cash #ow is de"ned as earnings before interest and taxes, but before depreciation and amortization, less interest, taxes, and common dividends. Sales Growth is the natural log of sales in year t, minus the natural log of sales in year
R\ is the antilog of a lagged residual from a "rst pass regression to determine the natural log of cash divided by assets less cash. (Normal Cash/Assets) R\ is the antilog of a lagged predicted value from a "rst pass regression to determine the natural log of cash divided by assets less cash. POSX is a dummy variable which is given a value of 1 if there is positive excess cash in the "rm year, and zero otherwise. For the industry-adjusted data, industry dummy variables are included in the speci"cation. Industries are de"ned by 2-digit SIC codes. t-statistics are in parentheses, and are calculated using White's (1980) In Section 5, we saw that an increase in excess cash leads to a surprisingly small increase in capital expenditures, acquisitions spending, and payouts to shareholders. This observation suggests that there is substantial persistence in excess cash. To examine this persistence, we divide the "rm-years in our sample into quartiles of excess cash. In Table 9 , we show the status in subsequent years of "rms that have entered the fourth quartile of excess cash in our sample for the "rst time. 55.5% of these "rms are in the same quartile the following year. This indicates that being in the fourth quartile is a transitory state for more than 40% of the "rms. However, "rms which are in the fourth quartile for more than one year tend to be in that quartile for a substantial amount of time. The percentage of "rms that are in the fourth quartile "ve years after the "rst time that they are in the fourth quartile of excess cash is 38.8%. A similar result holds for the "rms that enter the "rst quartile of excess cash. Hence, there is persistence both in the highest quartile of excess cash, and in the lowest quartile.
The counterpart of this persistence is that neither "rms in the "rst quartile nor "rms in the fourth quartile change their spending patterns dramatically. Table 10 shows spending patterns for "rms in the "rst and fourth quartiles for "ve years. Comparing the results from Panel A to those in Panel B, "rms in the fourth quartile spend more. They still spend more on acquisitions and shareholder payouts "ve years after having been identi"ed as "rms in the fourth quartile of excess cash.
Why is it that "rms experience large changes in excess cash? We have seen that, on average, expenditure patterns of high excess cash "rms are not such that they use up their excess cash quickly. We therefore look at "rms that go from the top quartile of excess cash to the bottom quartile of excess cash in one year. We then look at the expenditure and cash #ow patterns for these "rms. The results are reproduced in Table 11 . The clear result in that table is that "rms that experience large changes in excess cash, on average, experience large negative operating cash #ows. Note that in Table 11 , the end of year 0 is used to assign a "rm to an excess cash quartile. We then select the "rms that go from quartiles 4 to 1. The largest swing in the ratios reported is the one for operating cash #ow. This swing represents a change, on average, of more than 3.5% of assets. Neither capital expenditures nor acquisitions increase by as much as one percent of assets. The results in Table 11 also show that lumpiness of capital expenditures and acquisitions is not an important reason for large changes in excess cash. Firms that experience large increases in excess cash also experience them because of large swings in operating cash #ow. In Panel A, "rms that go from the "rst quartile of excess cash to the fourth quartile experience an average swing in operating cash #ow of more than 15% of net assets. Strikingly, however, this dramatic shift in cash #ow has a small impact on capital expenditures, acquisitions, and payments to shareholders. In other words, the "rms that experience such a large increase in excess cash keep it. Table 9 Persistence of excess cash Persistence of levels of excess cash for "rms selected based on the "rst time they enter the highest (lowest) quartile of excess cash. The excess cash holding is the antilog of a residual from a "rst pass regression to predict the natural log of cash divided by assets less cash. The "rms are followed for the next "ve years to determine the quartile in which they belong in the subsequent years. Quartile 4 represents the highest excess cash quartile, and Year 0 is the measurement year. Numbers shown are percentages. The number of "rm years in each quartile, each year, is in brackets.
Quartile 4
Quartile 3 Table 10 Future cash disposition for "rms with high and low excess cash The sample includes "rms that enter the highest or lowest excess cash quartile for only the "rst year that they were in the "rst or fourth excess cash quartile, designated as year zero. The "rm years are independently broken into quartiles based on the previous year's holdings of excess cash. The excess cash holding is the antilog of a residual from a "rst pass regression to predict the natural log of cash divided by assets less cash. The cash quartiles are generated for every year, and "rms are regrouped each year. Panel A shows "rms in the fourth quartile, and Panel B shows "rms in the "rst quartile. Panel C shows the t-statistics and the p-values for the tests of di!erences of means between the "rst and fourth quartile for each variable and each year. The table shows operating cash #ow, capital expenditures, expenditures on acquisitions, and payments to shareholders, which is de"ned as stock repurchases plus cash dividends. All variables are from the #ow of funds statement, and are de#ated by total assets less cash. Number of "rm years of each quartile is also included in brackets. [3949]
[3351]
[2904]
[2522]
[2200] Table 11 Future cash disposition for "rms going from the highest to the lowest quartile, or vice versa, in one year The sample includes "rms that enter the highest or lowest excess cash quartile for only the "rst year that they were in the "rst or fourth excess cash quartile, designated as year zero, and then the fourth, or "rst, excess cash quartile, respectively, the next year, designated as year one. The "rm years are independently broken into quartiles based on the previous year's holdings of excess cash. The excess cash holding is the antilog of a residual from a "rst pass regression to predict the natural log of cash divided by assets less cash. The cash quartiles are generated for every year, and "rms are regrouped each year. Panel A shows "rms which moved from the "rst to the fourth quartile, and Panel B shows "rms which moved from the fourth to the "rst quartile. Panel C shows the t-statistics and the p-values for the tests of di!erences of means between the "rst and fourth quartile for each variable and each year. The table shows operating cash #ow, capital expenditures, expenditures on acquisitions, and payments to shareholders, which is de"ned as stock repurchases plus cash dividends. All variables are from the #ow of funds statement, and are de#ated by total assets less cash. Number of "rm years of each quartile is also included in brackets. [248]
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Conclusion
We examine the determinants of corporate holdings of cash and marketable securities among publicly traded US "rms from 1971}1994, as well as how "rms change their holdings over time. We "nd evidence supportive of a target adjustment model, but it is also clearly the case that "rms that do well accumulate more cash than one would expect with the static tradeo! theory, where managers maximize shareholder wealth. Our results indicate that "rms with strong growth opportunities, "rms with riskier activities, and small "rms hold more cash than other "rms. Firms that have the greatest access to the capital market, such as large "rms and those with credit ratings, tend to hold less cash. These results are consistent with the view that "rms hold liquid assets to ensure that they will be able to keep investing when cash #ow is too low, relative to investment, and when outside funds are expensive. Our analysis provides limited support for the view that positive excess cash leads "rms to spend substantially more on investment or acquisitions. Whereas acquisitions increase with excess cash, payouts to shareholders increase with excess cash as well. However, in both cases, the propensity to use excess cash on investment and acquisitions is quite limited.
The evidence in this paper is consistent with the view that management accumulates excess cash if it has the opportunity to do so. The motivation for this behavior seems to be that the precautionary motive for holding cash is excessively strong. The result that the "rm's #ow of funds de"cit has a stronger impact on changes in cash holdings for "rms that have cash in excess of their target supports this conclusion. At the same time, however, using cross-sectional data for 1994, we are not successful in demonstrating that proxies for agency costs have an important impact on cash holdings. Therefore, our results suggest that more work needs to be done to explain why "rms appear to hold excess cash, as well as to understand the cost of this practice. An important issue for further research is whether, when a "rm runs into di$culties, excess cash allows management to avoid making required changes, using up the "rms cash to "nance losses. If this behavior is the case, it would not be surprising that management is not as concerned about hoarding excess cash as shareholders might be.
Our results provide support for a static tradeo! view. At the same time, however, it is also quite clear that variables that make debt costly for a "rm are variables that make cash advantageous. Because the determinants of cash are so closely related to the determinants of debt in our analysis, it is important in future work to "gure out, both theoretically and empirically, to what extent cash holdings and debt are two faces of the same coin.
